We have developed a colorimetnc assay for determining the degree of glycation of serum proteins that is unaffected by glycosylation residues. This was accomplished by reducing the proteins with sodium borohydride prior to periodate oxidation. Previous periodate-based methods, which offer several advantages over other glycation assays, cannot determine glycoprotein glycation because interference from sialic residues in the glycan chain can lead to overestimation of the amount of glycation products. Without reduction, glycation of fetuin was double that of asialofetuin glycated under identical conditions. We found that borohydride reduction before periodate oxidation increases the amount of formaldehyde released in proportionto the extent of glycation, irrespective of the degree of glycosylation. Using two glycoproteins and an unglycosylated protein, we showed how measurement of the formaldehyde increase enables the extent of glycoprotein glycation to be determined without removal of interfering sugars. Samples of bovine serum albumin (BSA, Fraction V), human IgG, and fetal calf fetuin (all 5 g/L) were incubated with 0.5 molIL glucose in phosphate-buffered saline (pH 7.4) for 10 days at 37#{176}C. Solutions were sterilized by filtration with 0.22-nm (pore size) filters; sterile procedures were used at all stages. All buffers contained 6 mmo]/L sodium azide to prevent microbial growth. Free sugar was removed by extensive dialysis against distilled water containing 6 mmol/L sodium aside; the dialysate buffer was changed three times over 48 h. The free sugar concentration in the final dialysate was <10 .Lmo1/L During dialysis the labile Schiff base dissociates (7) and is removed, leaving only AP bound to the protein.
In the initial stages of glycation a labile Sehiff base is formed, which rearranges to form a stable sugar adduct known as an Amadori product (AP) (3) . Quantitation of the AP is the most widely used method of assessing protein glycation. Methods for measuring AP based on periodate oxidation of proteins have advantages over other glycation assays: They are convenient, do not require prior hydrolysis of the protein, and can be conducted with <1 mg of protein.
In the original assay devised by Gallop We used fructose solutions to prepare a calibration curve for the periodate assay. Both fructose and AP exist predoniinRntly in a ring structure, and after periodate oxidation, both produce 1 mol of formaldehyde per mole of sugar moiety (4) (5) (6) Reduction by sodium borohydride allows the release of formaldehyde from C-6 as well as C-i carbon atoms of glycated proteins because of cleavage of the C=O bond present in the AP but not in the glycosylated sugar residues. We used this additional formaldehyde release to determine the degree of glycation of glycoproteins. for proteins glycated in vitro, the CV for the proteins at day 10 being 2.8.-6.2%. If a more accurate measure of the degree of glycation of proteins in vivo is desired, the precision can be greatly improved by using concentrated samples.
The mean difference between the day 10 and day 0 results (column 3, Table 1 ) is a measure of the glycation achieved during the 10-day incubation of the proteins in glucose and does not include any formaldehyde released from glycosylation residues or from any glycation that occurred prior to the incubation. The ratio of this difference before and after reduction allows the total number of moles of formaldehyde released per mole of AP to be calculated. This ratio should equal 2.0(5,6). The 10-day 
